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TRIM (FaTE, Expo & Risk) 
for Air Toxics

1. HH Inhalation Exposure Assessment
[AQ data + TRIM.Expo aka APEX]  

2. Multimedia Pollutant Distribution Analysis 
[TRIM.FaTE] 

3. HH Inhalation Risk Assessment
[AQ data + TRIM.Expo + TRIM.Risk]

4. Ecological [multimedia] Risk Assessment 
[TRIM.FaTE + TRIM.Risk]

5. HH Ingestion Risk Assessment 
[TRIM.FaTE +/- FFC + TRIM.Expo + TRIM.Risk]
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www.epa.gov/ttn/fera



TRIM.FaTE - Concepts



TRIM.FaTE Modeling System

Parcels, Volume Elements & Compartments
Parcels - planar geographical areas used to 
subdivide the modeling region.
Volume elements - bounded 3-dimensional spaces 
that define the location of > 1 compartment.
Compartments – Units of environmental media/biota 
within which it is assumed that chemical is 
homogeneously distributed.



Parcels (2D)
– Soil & Surface Water Examples

source

River/Surface Water

soil

soil

soil

soil
soil

soil

Lake/Surface Water



Volume Elements (3D)
– air, soil, water, sediment

Z
(altitude)

X or y (distance)

Water

Air

Sediment
Soil

Simple example



TRIM.FaTE
- Compartments, Links, Chemical, Source

Transfer Links

Compartment (fish)

Compartment (lake)

Compartment (air) Chemical

Source

Transfer factors (algorithms) describe pollutant movement via links.



Emissions

Air

Soil

waterTerrestrial plant sediment

Fully Coupled, Mass Balance Model
- Simple Abiotic w. Plants Example

2-way transfer of mass among all linked compartments at each time step

Compartments Links



TRIM.FaTE
Performing a Simulation



TRIM.FaTE
- Computer Framework

Provides GUI for TRIM.FaTE model
Defines characteristics of the simulation

Time period, geographic region, pollutants, media, 
biota, emission sources, algorithms to use

Sets model parameter values (e.g. 
meteorology, soil characteristics, diets of biota)
Executes model
Performs sensitivity and uncertainty analyses
Analyzes and exports results



TRIM.FaTE
- Computer Framework Concepts

Project:
Contains Libraries and Scenarios 

Library:
Contains building blocks to use in model 
runs (Scenarios)

Scenario:
Contains all information needed to do a 
model run (e.g. time period & details of 
environmental system to simulate)

Libraries and Projects can be saved as files



TRIM.FaTE Project Window



Library

Contains information (values, formulas) for 
Sources, Chemicals, Compartments, and 
Algorithms

Is the starting point for a TRIM.FaTE
scenario, in which parameter (property) 
values may be customized



TRIM.FaTE Library Window



Scenario

Combines information from the Library 
with site-specific & simulation-specific 
information to create a simulation

Is what user runs when performing a 
TRIM.FaTE simulation

Exists within a Project



TRIM.FaTE Scenario Window



TRIM.FaTE Scenario Window



Steps to set-up a Simulation

Add Library to Project
Set up Scenario spatial layout

(using Volume Element data file)

Add Sources
Add Chemicals
Add Compartments to Volume Elements

Customize Property values for site



Steps to set-up a Simulation 
(continued)

Link compartments as appropriate
Implement algorithms on links
Set any link properties (e.g., runoff/erosion)
Set scenario properties

E.g., simulation and output time steps & simulation 
options.

Set all information required by algorithms.
Framework identifies missing properties.
User can set properties for multiple objects at once.



Verify & Run



TRIM.FaTE Results

Moles, Mass, Concentration

Instantaneous values 
at specified frequency during simulation period

Averaged values
Over specified time periods (e.g., monthly etc)



TRIM.FaTE Results Files
Output to text files

Can be viewed in TRIM.FaTE
Table format
Chart format

Can be imported to many programs for analysis
E.g., Excell

Output to HTML files
Can easily confirm all aspects of scenario 
(compartment property values, active algorithms, 
links, etc)

Output to MySQL database 
Can be queried and analyzed



30 year Simulation with Source (Hg0 & Hg+2)
- Results for total (MeHg+Hg0+Hg+2) as Hg
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TRIM.FaTE Helpful Features 
– for Set-up

Volume Elements & Parcels 
Coordinates imported from text file; model flags overlaps

Compartments
Abiotic compartments added automatically w. VEs
Sink compartments added automatically at open faces

Links
created automatically with Smart Link

Algorithms
added automatically with links
user can enable/disable



TRIM.FaTE Helpful Features 
–Time-varying Input Values

Parameter values can be constant or time-
varying, e.g., 

Meteorological data (e.g., wind speed, temperature, 
precipitation)
Surface water flow values 

NOTE:  Frequency of time-varying data dictates 
frequency of some model calculations

Run time impact



TRIM.FaTE Helpful Features 
- Importers & Exporters

Importers - bring information into TRIM.FaTE.
Many types of objects (Links, Compartments, etc) 
can be imported from text files.
New types of importers can be easily created.

Exporters – produce output files
ASCII formatted table suitable for import into 
spreadsheet (Excel)
Web pages (HTML Format)
New types of exporters can be easily added



TRIM.FaTE Helpful Features 
- Uncertainty/Variability

Sensitivity feature 
Series of runs, each w. variation in value of 
different parameter 

Outputs raw and processed results
(e.g., elasticity/sensitivity scores, etc.)

Monte Carlo sampling feature 
Series of runs for which values for selected 
parameters are drawn from specified 
distributions



TRIM.FaTE Helpful Features
- Steady State Solution

Short(!) run time
Useful to test approaches for 

modeling area design (parcels, volume 
elements) and 
biological system (biotic compartments and 
their characteristics) 

Allows complex sensitivity or Monte 
Carlo analyses in reasonable run times



TRIM.FaTE Team
– current members

USEPA's Office of Air Quality Planning & Standards
Deirdre Murphy, John Langstaff

Lawrence Berkeley National Laboratory
Tom McKone, Randy Maddalena

Oak Ridge National Laboratory
Rebecca Efroymson, Dan Jones

University of Tennessee
Brad Lyon

ICF Consulting
Baxter Jones, Mark Lee, David Burch, Margaret McVey

MCNC-Environmental Modeling Center
Alison Eyth



TRIM Contacts ...

USEPA's Office of Air Quality Planning & Standards

TRIM.FaTE (and TRIM coordination)
Murphy.deirdre@epa.gov

TRIM.Expo-inhalation 
Palma.ted@epa.gov
Richmond.harvey@epa.gov
Langstaff.john@epa.gov

TRIM.Expo-ingestion
Vasu.amy@epa.gov

TRIM.Risk
Hollingsworth.terri@epa.gov
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----- AIR-only IMPACTS -----
Current Approaches for HH Exposure Assessment

HEM
-ISC w. Census data

air concentration at CB centroid

ISC or Monitoring data
->air concentrations at specific points

HAPEM
-ISC w. Census & Activity & Commuting data & annual outputs

Inhalation exposure concentrations for pop subgroups of interest
[averaging type limitations]

TRIM.Expo (aka APEX)
-ISC/mon w. Census & Activity & Commuting & small time steps & stochastic sampling
-> Inhalation exposure concentrations for pop/individuals of interest, w. distributional info

Both HAPEM & TRIM.Expo will feed TRIM.Risk to derive inhalation risk estimates



APEX / APEX / TRIM.ExpoTRIM.Expoinhalationinhalation
is being developed to:

Provide an exposure modeling tool for assessing air pollutants 
as part of EPA’s overall Total Risk Integrated Methodology 
(TRIM) model framework.  

TRIM.Expo (inhalation) MIMS (Graphical Users Interface) version
Stand alone DOS/Fortran version
Available at: http://www.epa.gov/ttn/fera/apex_download.html

The model is initially intended to:
Address inhalation exposures;
Be suitable for local, urban, or consolidated metropolitan area scale 
analyses;
Accept as input air quality data based on either monitored or 
modeled data;
Be able to estimate acute or chronic exposures
Meet the needs of both the hazardous & criteria air pollutant 
programs.





Inhalation Exposure Modeling

Urban Area

Exposure District

Microenvironments

Cohort



APEX 3.2 Flow DiagramAPEX 3.2 Flow Diagram

Profile 
Generator 

Probability
Array from

Census Data *

Distribution
Data *

(1 person)

Profile *

•Gender
•Race
•Age
•Employment
•Home District
•Work District
•Gas Stove
•Air Conditioner
---------------------------
•Income
•Active
•Etc.

Weather
Data *

Diary 
Match Up [Concentrations

Experienced]

Exposure
Sequence

(retaining activity)

[Series of
ME’s visited]

Event 
Sequence

(Including
Activity)

Exposure

(1 person)

Dose
Calculations

Output *

Ambient
Air Quality *

Microenvironment
(ME)

Simulation*

Distribution
Data *

CHAD
Microenvironment

Map *

Preprocessing
Diaries

Physiological
Parameters *

MET
Distributions

*   Indicates some data to be supplied by the user



Inputs to APEX 3.0
The parameters file specifies:
• the input and output file names 
• various parameter settings for the model run (e.g., simulation start and 

end dates, numbers of profiles to be run, number of seasons, number 
of microenvironments, number of districts, altitude, random seed, etc.)

Input data files:
• Air quality: hourly air quality data for all districts
• Temperature: daily 1-hour maxima for each temperature zone in study area
• METS: MET (metabolic activity) distributions from Consolidated Human 

Activity Data Base (CHAD)
• Physiology: body mass, VO2 max, etc. for each age and gender
• Population: counts by age, gender, race and sector (from census data)
• Distributions: user-defined distributions
• Microenvironments: properties for each microenvironment in the model
• Diary events: the event sequence for all persons in CHAD
• Diary summary: the personal data for all persons in CHAD
• Diary mapping: the location code to microenvironment mapping



APEX Parameter file



APEX Parameter file (part 2)



Population, Air Quality, and Population, Air Quality, and 
Temperature Representation in ATemperature Representation in APEX 
3.2

Geographical units for population are “sectors” and this 
version comes with a national file of sectors using the 65,443 
census tracts with population data from the 2000 census
A national commuting database based on 1990 census data is 
provided which has been mapped onto the 2000 census tracts 
to provide home-to-work commuting flows
“District” refers to the geographical area represented by a 
given set of ambient air quality data (either based on a fixed-
site monitor or output from an air quality model)

User can specify maximum radius distance from center of study 
area and can specify whether or not to include only sectors (e.g., 
census tracts) in certain counties

User can provide temperature category for each
“temperature zone” within the “study area” and zones 
are created in same fashion as districts
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APEX Sector File



APEX District  File



APEX AQ  file



Uses Human Activity Data from CHADUses Human Activity Data from CHAD
•• Over 22,000 diary days contained in CHAD used by APEX 3.0 (for Over 22,000 diary days contained in CHAD used by APEX 3.0 (for 

more info about CHAD see  more info about CHAD see  T. McCurdy, G. Glen, L. Smith, and Y. 
Lakkadi.  “The National Exposure Research Laboratory’s 
Consolidated Human Activity Database,” Journal of Exposure 
Analysis and Environmental Epidemiology 10: 566-578 (2000).

•• APEX can also use other activity data if provided in same formatAPEX can also use other activity data if provided in same format

•• CHAD diary event file provides CHAD ID, start time, duration, CHAD diary event file provides CHAD ID, start time, duration, 
activity, and location for a 24activity, and location for a 24--hour period from midnight to midnighthour period from midnight to midnight

•• CHAD questionnaire file provides CHAD ID, day type, gender, CHAD questionnaire file provides CHAD ID, day type, gender, 
age, race, employed outside home, daily max. temperature, age, race, employed outside home, daily max. temperature, 
occupation, record count (# of events per day)occupation, record count (# of events per day)

•• Metabolic equivalent (MET) file contains MET distributions for Metabolic equivalent (MET) file contains MET distributions for 
each activity type in the CHAD database; this information is useeach activity type in the CHAD database; this information is used d 
in APEX to estimate breathing (ventilation) ratesin APEX to estimate breathing (ventilation) rates

•• Can be found at: Can be found at: http://www.epa.gov/chadnet1/http://www.epa.gov/chadnet1/



CHAD Events File

Diary Day



CHAD Diary Questionnaire



APEX Creates Event Sequence for Each APEX Creates Event Sequence for Each 
Simulated Individual for Study PeriodSimulated Individual for Study Period

• The Profile Generator reads data from a probability array based on 2000 
population census data and adds other variables from the user-defined 
distributions to create set of profiles

• User-defined distributions include:
– Diary pools: assigns both CHAD diaries and calendar days to pools based on 

temperature (# of temperature categories and cut points) and day type (i.e., 
weekend or weekday)

– Season/Months: assigns a season to each calendar month
– Employed Age: determines the probability of employment based on age
– Work Sector: assigns a work sector to each profile based on home sector and 

employment status
– Has AC: probability of a person (profile) having air conditioning

• Profile Module groups the profiles into pools of CHAD diaries, then uses 
a set of rules to determine the diary selection probability

• Profile Module then picks diaries at random based on pool and diary 
probabilities, for each day in the simulation for each target personal 
profile to create event sequence for study period 



Flexible Approach for Simulating Flexible Approach for Simulating 
MicroenvironmentalMicroenvironmental ConcentrationsConcentrations

•• User defines number of microenvironments (ME) (up to 127)User defines number of microenvironments (ME) (up to 127)
•• Each ME can also be tagged as: at home, at work, or otherEach ME can also be tagged as: at home, at work, or other
•• User provides input file that maps CHAD location codes into set User provides input file that maps CHAD location codes into set of ME’s of ME’s 

chosen (e.g., kitchen, living room, dining room location code inchosen (e.g., kitchen, living room, dining room location code in CHAD CHAD 
might all be assigned as “indoor residential” ME)might all be assigned as “indoor residential” ME)

•• For each ME user decides between two model types:  For each ME user decides between two model types:  factorsfactors or or mass mass 
balancebalance

•• Factors typeFactors type -- user must provide distributions for following factors:user must provide distributions for following factors:
–– Proximity factorProximity factor:  a multiplicative factor that represents relationship between :  a multiplicative factor that represents relationship between 

air at nearest ambient monitoring site and air in immediate viciair at nearest ambient monitoring site and air in immediate vicinity of MEnity of ME
–– Penetration factorPenetration factor:  multiplicative factor less than or equal to one:  multiplicative factor less than or equal to one
–– SourcesSources:  no limit on number of sources specified :  no limit on number of sources specified 

•• Mass Balance typeMass Balance type –– user must provide distributions for following inputs:user must provide distributions for following inputs:
–– Proximity factorProximity factor (same as above)(same as above)
–– Penetration factorPenetration factor: (same as above): (same as above)
–– SourcesSources:  can be expressed as additive concentration (as above) or as :  can be expressed as additive concentration (as above) or as 

emission rates (if specified as emission rates, then distributioemission rates (if specified as emission rates, then distributions of volumes for ns of volumes for 
ME required)ME required)

–– Air exchange rateAir exchange rate (AER):   distributions expressed in air changes per hour(AER):   distributions expressed in air changes per hour
–– Decay rateDecay rate for pollutantfor pollutant:  set to zero for :  set to zero for nonreactivenonreactive pollutants like COpollutants like CO



Outputs from APEX 3.2
• Output files (All in ASCII (text) format):

– Log file: provides a report of highlights as the job progresses.
Useful for debugging if the job stops abnormally and documenting
input files and parameter settings used for a run.

– Profile summary: summary of each personal profile in the 
simulation, including age,  gender, home & work sectors, air quality 
district for home & work

– ME summary: summary for each ME for each person.  Variables 
include number of minutes spent by each profile in the ME, & mean 
and maximum concentration in ME

– Hourly exposure: contains hour-by-hour time series of exposure for 
each profile

– Hourly dose: contains hour-by-hour times series of dose (%COHb
in blood) for each profile (model currently addresses dose 
estimates only for CO)

– Site Mapping File: provides mapping between sectors and districts
– Output Tables: contains a series of summary tables for the model

run



CHAD Summary Output File



CHAD Output Tables File



Principal Limitations and Principal Limitations and 
CaveatsCaveats

Provides modeling framework that is Provides modeling framework that is heavily dependentheavily dependent on user provided on user provided 
inputs (e.g., ambient air quality, distributions for mass balancinputs (e.g., ambient air quality, distributions for mass balance or factors e or factors 
approach, assignment of CHAD location codes to microenvironment approach, assignment of CHAD location codes to microenvironment types, types, 
etc.), thus, exposure estimates only as good as the quality of tetc.), thus, exposure estimates only as good as the quality of the inputs to the he inputs to the 
modelmodel

Uncertainty about seasonUncertainty about season--long exposure event sequence because APEX 3.2 long exposure event sequence because APEX 3.2 
creates seasonal or year long sequence for a simulated individuacreates seasonal or year long sequence for a simulated individual by sampling l by sampling 
human activity data from more than one subjecthuman activity data from more than one subject

Currently does not capture very well human activities that are cCurrently does not capture very well human activities that are correlated and orrelated and 
which can impact which can impact microenvironmentalmicroenvironmental concentrations (concentrations (e.ge.g, cigarette smoking , cigarette smoking 
leading to individual opening window which impacts AER that affeleading to individual opening window which impacts AER that affects amount cts amount 
of outdoor air penetrating to residence)of outdoor air penetrating to residence)

APEX 3.2 currently does not characterize separately uncertainty APEX 3.2 currently does not characterize separately uncertainty and variabilityand variability

Initial model testing and evaluation continueInitial model testing and evaluation continue


